Background: Few studies have examined socioeconomic disparities in health and behavioral risk factors by gender in Asian countries and in South Korea, specifically. We investigated the relationship between socioeconomic position (education, income, and occupation) and subjective and acute and chronic health outcomes and behavioral risk factors by gender, and compared results from 1998 and 2005, in the Republic of Korea.
Background
Health disparities research has documented the significant relationship between social and economic inequalities and health status, although the role of specific types of social and economic stratification (income [1, 2] , education [3] [4] [5] [6] , occupation [4] [5] [6] ) and the role of behavioral risk factors remains an open question [7] [8] [9] [10] [11] [12] . National studies differ in their results: a study of European countries found that health inequalities relate to social variables such as education level and occupational class [4] ; other studies indicate that health inequalities do not necessarily relate to behavioral factors [3] , but to economic disparities such as poverty level [9, 10] . One study equated poverty with shorter life expectancy [7] . Further studies give great import to the social environment's impact on health [9, 13] , especially social class. A comparison of coronary heart disease (CHD) among women from high and low social classes in the UK, for example, found that the latter were 2.7 times more likely to develop CHD than the former [14] .
Although concerns over health inequality have grown recently, studies on socioeconomic inequalities in health in Asia, and particularly in the Republic of Korea, are limited [5, 6, 15] . Furthermore, previous studies of education, occupation and income on health behaviors have produced mixed results [6, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . One study found that education level was related to mortality [6] , another found that mortality across education levels remained unchanged over a ten-year period [17] , while another found no educational differences in mortality from coronary artery disease for women aged 55 to 64, while mortality in those aged 35 to 54 is inversely related to education level [22] , as found in Western Europe and the U.S. Furthermore, previous work varies in the consideration of behavioral risk factors, which could play a significant role in health inequalities [15] . Studies exploring the role of behavioral risk on the relationship between body mass index (BMI) and mortality, for example, provide inconsistent results [25] [26] [27] [28] [29] . Some researchers find a strong J-shape or U-shape correlation between BMI and mortality [26] [27] [28] , whereas a recent study showed that the role of BMI was statistically insignificant, after adjusting for income level [29] . A common limitation is that previous studies have typically focused on either subjective health measures or self-reported acute and chronic disease; few have studied both simultaneously, and fewer still have done so taking gender and behavioral risk factors into account [3, 30] and employing data from nationally representative surveys. Conflicting findings from previous studies [6, 21, 22] , combined with limited scope and study populations, demonstrate the need to examine simultaneously, in a national probability sample, various social and economic measures [31] [32] [33] [34] , behavioral risk factors [35, 36] , and acute and chronic disease and subjective health measures [34, 37] among both men and women in studying health inequality [14, 16, 24, [38] [39] [40] . Few studies have focused on how gender differences affect the impact of socioeconomic position on health [22] [23] [24] .
To our knowledge, this is the first study in South Korea to examine socioeconomic inequalities by three different indicators (education, occupation, and income) in both self-reported acute and chronic disease and subjective health conditions among men and women respectively, controlling for behavioral risk factors (smoking, drinking, obesity, exercise, and sleep), marital status and age. This study tests whether socioeconomic health inequalities differ by: (i) gender; (ii) self-reported or self-rated (subjective) health measures; or (iii) socioeconomic indicators (income, occupation, or education) and whether these associations between socioeconomic positions and health inequality persist over time.
Methods

Data
Data for this study are from the Korea National Health and Nutrition Examination Survey (KNHANES), conducted in 1998 and in 2005. The KNHANES is a nationally representative survey sponsored by the Korean Ministry of Health and Welfare and consists of four parts: the Health Interview Survey (HIS), the Health Examination Survey (HES), the Health Behavior Survey (HBS) and the Nutrition Survey (NS). The HIS and HBS contain data estimating the national prevalence of selected diseases and risk factors. The survey procedure consisted of personal household interviews comprising questions on morbidity, activity levels, medical care and health behavior. The HES estimates national population reference distributions of selected health parameters, including pulse rate, blood pressure, cholesterol, triglycerides, fasting blood sugar, hemoglobin, blood urea nitrogen (BUN), creatinine, serum glutamic oxaloacetic transaminase (SGOT), serum glutamine pyruvic transaminase (SGPT), and hepatitis B antigen and antibody. The NS collects information on dietary practices. Overall, the KNHANES collects detailed information on health status, health care use and expenses, and health insurance coverage. For this study's purposes, the respondents included men and women aged 30 and over who participated in the HBS. Adults under 30, who perhaps had not yet completed their education and acquired income or employment, were excluded.
The KNHANES uses a stratified multistage probability sampling design. Because each sample in the survey was not equally selected and involved stratification and clustering, our study required a sampling weight for unbiased national estimates; all estimates in the text and tables have been weighted accordingly. 
Self-reported Acute and Chronic Disease and Self-rated Health Outcome Measures
We used morbidity as the self-reported acute and chronic measure and self-rated health condition as the subjective measure for this study. To measure morbidity, we recorded the respondent's presence or absence of illness (all acute and chronic diseases), a value of 0 or 1. Selfrated health status contained five categories: (1) very good; (2) good; (3) average; (4) poor; and (5) very poor.
Independent Variables
Measures of Socioeconomic Position
Three variables identified socioeconomic position: household income, education, and occupation. For household income, we categorized individuals into income quintiles: (1) lowest; (2) low; (3) medium; (4) high; and (5) highest. The lowest quintile is the 20% of the population with the lowest household equivalent income in 1998. Each successive group is the fifth of the population with the next highest household equivalent income. To determine household equivalent income, which reflects total income and the number of adults and children in the household, we used the Organisation for Economic Co-operation and Development (OECD) Equivalence Scale, which equals (1 + 0.7(N a -1) + 0.5N c ), where N a = number of adults and N c = number of children. This scale is a standard measure for international comparisons of poverty and income inequality [41] .
We identified five education levels: (1) illiterate (no formal education); (2) elementary (1-6 years); (3) middle (7-9 years); (4) high (10-12 years); and (5) college and above (>12 years). The occupation variables contained 13 categories: (1) legislator, senior officials, and managers; (2) professionals; (3) technicians and associate professionals; (4) clerks; (5) service and sales workers; (6) skilled agricultural, forestry and fishery workers; (7) craft and related trades workers; (8) plant, machine operators, and assemblers; (9) manual laborers; (10) military personnel; (11) students; (12) housewives; and (13) unemployed. The occupation variables were collapsed into an occupational index of six occupational classes (Class I-VI) (See Additional file 1).
Other Sociodemographic Indicators and Behavioral Risk Factors
Personal characteristics for the study included marital status, gender, and age. Marital status fell into three groups: never married, married, and single. Single also included widow or divorced. The behavioral risk factors included smoking (currently smoke, previously smoked, never smoked), alcohol consumption (heavy drinking: drink frequently; moderate drinking: drink once in a while; no drinking: hardly or never drink), weight (obese: BMI [weight (kg)/height (m 2 )] ≥ 25; not obese: BMI < 25), self-reported exercise, and sleep (adequate sleep: ≥ 7 hours daily; inadequate sleep: < 7 hours daily). Previous studies note the use of a lower BMI cut-off point for defining overweight in Asians --including Koreans --compared with whites when identifying different risks [42] [43] [44] . However, the question on heavy drinking was excluded in the 2005 data. Thus, we used an alternative question which is close to its connotation: "how often do you drink more than 7 cups of Korean hard liquor (soju) or 5 cans of beer at a time?" The original answer scales ranged from no drinking (not applicable) to drinking almost everyday (no drinking: never drink; moderate drinking: drink 7 cups of soju or 5 cans of beers at one spot less than once a month; heavy drinking: drink 7 cups or soju or 5 cans of beers at one spot at least once a month).
Statistical Methods
We used Analysis of Covariance (ANCOVA) to assess behavioral risk factors by socioeconomic position and then the General Linear Model to compute age-adjusted mean values of health, controlling for respondents' personal characteristics and behavioral risk factors. We analyzed men and women separately for both morbidity and self-rated health. We estimated odds ratios, means, and 95% confidence intervals with multiple logistic regression methods, adjusting for age and other sociodemographic variables. The odds calculated from logistic regressions approximate the relative risk of ill health and morbidity respectively. The p-value for the threshold of significance was set at the 0.01 level. SAS [45] and Excel statistical software were used for all analyses. Sample weights were included for all analyses. From 1998 to 2005, males became more likely to be obese (28.9% compared to 37.1%), yet also more likely to exercise on a regular basis (22.0% compared to 49.4%).
Results
Study Population and Sociodemographic Indicators
Behavioral Risk Factors by Socioeconomic Position Educational Disparities
For smoking, for females, the proportion of people who never smoked was higher in the high and college and above education classes (94.4% and 94.1% in 1998, 91.2% and 94.3% in 2005), but was only slightly lower in the illiterate class (89.6% in 1998 and 91.6% in 2005). Furthermore, females in higher education classes (high and college and above) tended to have lower rates of current smoking (3.4% and 2.7%) in 1998; however, the rates increased to 5.7% and decreased to 2.6%, respectively in In terms of adequate sleep, there were no major differences by education in sleeping habits for males, though the result was statistically different; for females the lowest rates of adequate sleep were in the illiterate and elementary education classes (53.0% and 54.4% respectively) in 1998; the pattern was more or less the same in 2005. Table 5 and 6 report age-adjusted income disparities in behavioral risk factors by gender. In 1998, over four times as many women in the lowest income group (8.1%) reported currently smoking compared to women in the highest income group (1.7%). In 2005, current smoking rates declined to 4.5% in the lowest income group but increased to 8.2% in the highest income group. Overall, women reporting current smoking increased from 4.6% in 1998 to 5.8% in 2005. The average current smoking rate for men dropped overall from 64.3% in 1998 to 51.7% in 2005. But the income gradient remained, as the lowest and low income groups had the highest current smoking rates in both 1998 (69.9% and 64.6%) and 2005 (64.7% and 75.4%) compared to all other income groups.
Income Disparities
In alcohol consumption in 1998, men and women in the lowest income group had higher rates of heavy drinking than those in the highest income group (35.1% to 34.6% for men, 5.5% to 2.8% for women). This trend reversed in 2005, when men and women in the highest income group had higher rates of heavy drinking than those in the lowest income group (77.7% to 66.1% for men, 43.9% to 38.7% for women).
For obesity rates in 1998, women in the lowest income group had higher rates of obesity compared to women in the highest class (29.8% to 26.7%) while men in the lowest 
Occupational Disparities
Differences in Self-reported Acute and Chronic Disease and Subjective Health Outcomes by Socioeconomic Position
In age-adjusted means and odds ratios (OR) in morbidity ( Table 9 , 10) and self-reported health (Table 11 , 12) after adjusting for personal characteristics and behavioral risk factors, we found statistically significant mean differences in morbidity between different education groups for both males and females, but the gap in morbidity decreased for women in 2005. For example, the OR for higher morbidity was 5.4:1 for illiterate versus college and above level females in 1998, but the difference fell to 3.0:1 in 2005. There exists an education gradient in the odds for higher morbidity among men and women in 1998, which was especially steep among women, and although the educational gradient continues to exist in 2005, the gender gap has reduced. An education gradient was also seen for the odds of lower self-reported health status, although it was not as steep as in the morbidity data, even among women; ORs for lower self-reported health was 2.9:1 for illiterate versus college and above level females (2.2 for men) in 1998, and the ratio increased slightly to 3.3:1 (2.7 for men) in 2005. The income gradient in adjusted odds ratios was not as steep as for education in the 1998 data, although a weak gradient did exist and again was more pronounced among women than men. In 1998, the OR of morbidity from lowest to highest income quintile in women was 1.9:1 and the OR of self-reported health from lowest to highest income quintile in women was 1.6:1. The OR of morbidity from lowest to highest income quintile in men was 1.2:1 and the OR of self-reported health from lowest to highest income quintile was 1.3:1 in 1998. The income gradient in ORs in self-reported health among both men and women increased from 1998 to 2005; the OR for lower self-reported health status increased from 1.3:1 to 2.3:1 for males and from 1.6:1 to 2.3:1 for females.
The findings for occupational classification were less clear cut in 1998; while adjusted odds ratios for the lowest versus the highest class were significant (1.5:1 for morbidity for both males and females and roughly 1.2:1 for self-reported health for both males and females), the gradient did not exist such that those in the second highest class, and in some cases the third highest class, had greater adjusted ORs than the highest occupational class. In 2005, the greatest inequality between the lowest and highest occupational classes occurred between Classes V and I for self reported health (with an OR of 4.7:1 in women and 1.8 in men) and for morbidity (with an OR of 3.0 in women and 1.9 in men).
Discussion
Substantial research has focused on the relationship between socioeconomic position and health status, although few studies have been conducted in Asian countries. Moreover, health outcome measures used in Korea have largely been limited to either self-reported health status or mortality. Using composite indices, one study found mortality risks for breast and cervical cancer was much greater in lower income groups [46] . Previous studies have also typically targeted a single socioeconomic variable (e.g. education or income) and a common limitation is the inability to analyze behavioral risk factors alongside socioeconomic groupings in a national sample. One Korean study, for example, found that educational gradients in mortality were not consistent across causes of death and in some cases differed by sex [22] whereas another study found that a negative relationship between socioeconomic status and cardiovascular disease among men did not change by introducing cardiovascular risk factors [47] . Using three socioeconomic measures (education, occupation, and income) to capture differences in both self-reported acute and chronic disease and subjective health status, this study found that differences in personal characteristics and behavioral risk factors relate significantly to socioeconomic groups, but that the relationship was not necessarily linear in fashion and there was no clear socioeconomic gradient with behavioral risk factors. The results did, however, confirm an association between socioeconomic position and morbidity [48, 49] and self-reported health status. In 1998, health inequalities among socioeconomic groups were significant: ageadjusted mean differences in health outcomes were higher in self-reported health status than for morbidity, findings that are consistent with previous work in India [37] . An education gradient in morbidity was found for both men and women, but was especially steep among women; a weaker education gradient existed for selfreported health, even among women. The income gradient for morbidity and self-reported health status was not as steep as for education, although a weak gradient did exist and was also more pronounced among women. Findings for occupational classification were also statistically significant. Thus, in general, the differences among income groups were smaller than among education groups, suggesting that educational disparities delineate a different socioeconomic gradient from income disparities. In 2005, the education gradient for morbidity decreased significantly among women, approaching the odds ratios for men. Gradients in self-reported health, by contrast, became steeper for both genders in all socioeconomic variables. The gender implications of this study are significant and require further study. Some studies have found that health inequalities among different income groups affect mortality in women less than in men [11, 23, 24] , while others have found the opposite to be true [14, 23, 24] . In this study, however, inequalities in both morbidity and self-reported health status were greater, and the socioeconomic gradient in education and income was steeper, among women than men, although the educational gradient had decreased by roughly 40% by 2005. The steeper education and income gradients compared to the relative lack of gradient in occupation, especially among women, require explanation and further study. One explanation may be the more enduring effect of income and education disparities due to the more ingrained social hierarchies in these variables, which prevail from childhood. Occupational disparities, by contrast, commence primarily in adulthood [3, 30] . One recent study, for example, explained gender disparities in self-rated health as resulting from Korea's social structure [50] .
Another possible explanation points to the relatively lower percentage of Korean women who are employed and participate in regular or professional job markets, compared to their western counterparts and the relative insecurity of employment. This comports with research that analyzed data from the 2001 Korean Labor and Income Survey and found that precarious employment had a significant association with worse self-reported health for women as compared to men [51] . Another study that looked at the 2001 KNHANES found a relationship between non-standard employment (less job security) and health that differed by gender: Korean female non-standard employees had higher rates of mental disorders compared to men whereas males in nonstandard employment had higher rates of musculoskeletal disorders and liver disease [52] . As a result, for Korean women, household income could be significantly more important than occupation in determining deprivations in health. Another explanation, in particular for the gender differential in the impact of socioeconomic position on health that cannot be explained by differences in behavioral risk factors alone, may be women's overall inferior status in Korean society, beginning from birth. Though South Korea is regarded as one of the most advanced countries in Asia, some socioeconomic obstacles for women still remain, especially in the successful pursuit of women's careers and economic wealth and stability. This trend is exacerbated in Korea by the high cost of education, which can create barriers for women in accessing health care, health knowledge and information, as well as preventive screening services.
Although there is growing social awareness of the importance of equal opportunities for and treatment of both genders, implementation of policies designed to promote women's rights are slow and sometimes even halted under the pretext of efficiency and economic development. Although Korea is among the world's top ten economies, it was ranked 108th among 130 countries in the Global Gender Gap report in 2008, leaving only a score of Arab and African countries behind it [53] . In the past, when women mostly engaged in jobs requiring lowlevel skills, companies did not think of the female labor force as increasing their financial burden. Today, however, businesses are reluctant to fully utilize the female talent pool for fear it will cost them more, as there is increased societal pressure to offer women equal employment opportunities while protecting their motherhood at the same time. When a society restricts women's job opportunities and socioeconomic prospects, it could further harm their self-reported acute and chronic health conditions, making it possible for health disparities to be larger in females than in males.
Gender-specific health differentials may possibly be narrowed by health promotional activities specifically targeted towards women in lower socioeconomic classes. Behavioral risk factors did not entirely account for differences in self-reported health and morbidity among socioeconomic position. This result suggests that choices regarding cigarette smoking, drinking, body weight, exercise, and adequate sleeping may only partly change socioeconomic health inequalities in Asia, although significant differences are found in terms of gender.
This study has some limitations. First, lack of response and missing values for some variables might cause bias, though previous studies of the KNHANES have not detected bias [54, 55] . Second, self-reports of household income could be prone to error, despite corroboration by other household members. Third, the personal interviews for the 1998 data took place at the end of 1998, directly after the Asian economic crisis. The crisis might have affected the morbidity rates in both men and women. In addition, some respondents reporting low income levels might previously have earned more and enjoyed better health care.
Conclusions
This study explored varying impacts of education, occupation, and income on health inequalities in men and women, separately. The results are consistent with those of the Whitehall studies of British civil servants, where social gradients in morbidity existed from the bottom to the top of the hierarchy [7, 8, 56 ]. An interesting finding from this study was that socioeconomic differences in health appeared to be higher among women than men. After adjusting for the respondents' behavioral risk factors, the mean differences among socioeconomic classes for both male and female morbidity increased. These results demonstrate that the magnitude of health inequalities can differ by socioeconomic variables and by personal and behavioral risk factors. Education and household income showed the most significant effect on differences among levels, while occupational groups 1.00 *Age-adjusted means calculated with age adjustment using Generalized Linear Model; **odds ratios (95%CI) computed using logistic regression, controlling for respondents' personal characteristics (age and marital status) and behavioral risk factors (smoking, alcohol, obesity, exercise, sleeping). Socioeconomic position measured by education, income, and occupational class. Highest socioeconomic position in education, income, and occupation index was reference (1.0), respectively. Duncan's post-hoc test is implemented to compare ground differences. Same alphabetical letters indicates no statistical differences between two mean values. Morbidity (0 = lowest, 1 = highest). 1.00 *Age-adjusted means calculated with age adjustment using Generalized Linear Model; **odds ratios (95%CI) computed using logistic regression, controlling for respondents' personal characteristics (age and marital status) and behavioral risk factors (smoking, alcohol, obesity, exercise, sleeping). Highest socioeconomic position in education, income, and occupation index was referent (1.0), respectively. Duncan's post-hoc test is implemented to compare ground differences. Same alphabetical letters indicates no statistical differences between two mean values. Morbidity (0 = lowest, 1 = highest). 1.00 *Age-adjusted means calculated with age adjustment using Generalized Linear Model; **odds ratios (95%CI) computed using logistic regression, controlling for respondents' personal characteristics (age and marital status) and behavioral risk factors (smoking, alcohol, obesity, exercise, sleeping). Highest socioeconomic position in education, income, and occupation was referent (1.0), respectively. Socioeconomic position measured by education, income, and occupational class. Duncan's post-hoc test is implemented to compare ground differences. Same alphabetical letters indicates no statistical differences between two mean values. Self-reported health (5 = very poor, 4 = poor, 3 = average, 2 = good, 1 = very good). 1.00 *Age-adjusted means calculated with age adjustment using Generalized Linear Model; **odds ratios (95%CI) computed using logistic regression, controlling for respondents' personal characteristics (age and marital status) and behavioral risk factors (smoking, alcohol, obesity, exercise, sleeping). Highest socioeconomic position in education, income, and occupation was referent (1.0), respectively. Socioeconomic position measured by education, income, and occupational class. Duncan's post-hoc test is implemented to compare ground differences. Same alphabetical letters indicates no statistical differences between two mean values. Self-reported health (5 = very poor, 4 = poor, 3 = average, 2 = good, 1 = very good).
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showed little health difference, although odds ratios between groups increased significantly after controlling for behavioral risk factors. Efforts to reduce health disparities in South Korea require attention to the root causes of socioeconomic inequality and especially to the gender differences in the impact of socioeconomic position on health.
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